The problem of blind channel identification for multirate, multi-user communication systems is addressed. By exploiting symbol rate differences, it is shown that users can .be separated based on the autocorrelation of the received signal, thus reducing the problem to the familiar single rate setting. A subspace method is then developed to identify the channel associated with each user. Simulations are used to explore algorithm performance as a function of key factors such as signal to noise ratio (SNR) and signal to interference ratio (SIR).
INTRODUCTION
Blind channel identification continues to be of active research interest because it facilitates equalization and improves bandwidth efficiency. Either explicitly or implicitly, the early blind methods exploited higher order statistics (HOS), see [2] . The primary disadvantage of HOS-based approaches was the need for large number of samples for accurate estimation of the relevant higher-order statistics. The seminal work of [4] showed that for wide-sense cyclostationary signals, blind channel identification was possible based only on secondorder statistics (SOS). This inspired many subsequent SOS-based methods for blind identification, described in the recent review [3] .
The extensive literature to date on SOS-based blind identification however exclusively concentrates on single rate systems. Next (3rd) generation personal communication systems must accommodate heterogeneous traffic, such as voice, video and data that are inherently multirate. Accordingly, receiver design issues for multirate systems is expected t o be of increasing importance as evidenced by a growing body of work [6] .
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formance evaluation for multi-user, miiltirate systems remains relatively open.
In this paper, we develop a subspace method for blind estimation of channels for multirate communication systems. The approach utilizes the signal cyclostationarity features and is based on the autocorrelation function of the sampled received signal. By exploiting the differences in user periodicity in the autocorrelation function resulting from respective symbol (baud) rates, we extract, the component due to each user. A subspace method is then devised to estimate the unknown channel parameters for individual jisers.
PROBLEM STATEMENT
A generic multirate communication system operating over finite duration multipath channels is shown in Fig. 1 . The mathematical description is given by [l] hi(t) = 
where si (k)'s are mutually independent zero-mean i. i. d. input sequences with variance 0:; K is the number of distinct symbol rates and w ( t ) is additive white Gaussian noise with variance 0%. Note that we assume for simplicity that there is only one user at each rate in the system, therefore the term i-th user will refer to rate i user in the following. Without loss of generality; 
The problem addressed in this paper is the blind estimation of hi(n) based on y(n).
OUTLINE OF APPROACH
The algorithm proposed in this section exploits the cyclostationarity of the oversampled received signal. Let yi(k) = E:"=_, si(k)hi(n -kLpi) be the component of y(n) due to the i-th user; its autocorrelation is given
And the autocorrelation of the noise-free received signa,l is
The following are easily verifiable: N, ) ' ' ' . . .
g , ( -N , )
. ' M,. Then the identifiability theorem in [5] applies to the new multirate scenario because FT has the same structure as that of the filterzng matrix (also called generalized Sylvester matrix) in [5] .
Theorem 1 T h e channel h,(n) can be uniquely determzned f r o m (15) u p t o a complex scalar zff
1) f o r 0 5 n1.n2 5 P -1, the total n u m b e r of (ql , q 2 ) paws J, 2 2 where q1 = nlmodPz, 92 = n2modP, such that q1 < q 2 and nlmodQ, = namodQ,;
1.. . . J,, do n o t share a n y c o m m o n zeros.
2) the polynomzals F:') = f2(')(n)z--R, 1 =
SIMULATION RESULTS
We considered a dual-rate system with p l = 2, p2 = 3 and L = 2. implying PI = 4; P 2 = 6 and P = 12. Following the user seperation condition. we choose (0,2), where
standing for the smallest (greatest) integer that is greater than or equal to (less than or equal to) z and N , representing the length of observation sequence. The performance of the proposed algorithm is assessed by normalized root mean-square error (NRMSE), defined as where h, is the channel estimate at the qth trial, h is real channel and Nt is the total number of Monte-Carlo trials, which is 100 in our simulations. We tested the two-ray multipath channel
where X I , are zero-mean complex Gaussian random variables with unit variance in each component (real and imaginary). The path delays parameters y1,y2 are random variables uniformly distributed on [-1 11. p z ( t ) is the raised-cosine pulse shaping function with roll-off factor 0.5 and time limited to 4T,. The same set of Xl, y l (1 = 1,2) parameters were used for both channels. 500p2T1 = 50OplT2 (i.e. 1500 symbols at rate 1, 1000 symbols at rate 2), we obtained the NRMSE curves shown in Fig. 2 and 3 . Fig. 2 indicates robustness of the proposed algorithm against multirate interference, i.e., the effectiveness of our user seperation scheme. It is also seen that the first user outperforms the second one from this perspective. In the presense of noise, the method still works successful. However the relative performance of the two users changes in spite of the fact that at high SNR the first user still has lower NRMSE. Eextensive simulations show that the channel order is an important factor that results in this behavior. In our case, the second user has a longer channel duration than the first one.
With data samples received over the duration of 
